Recent work on human vocal production demonstrates that certain irregular phenomena seen in human pathological voices and baby crying result from nonlinearities in the vocal production system. Equivalent phenomena are quite common in nonhuman mammal vocal repertoires. In particular, bifurcations and chaos are ubiquitous aspects of the normal adult repertoire in many primate species. Here we argue that these phenomena result from properties inherent in the peripheral production mechanism, which allows individuals to generate highly complex and unpredictable vocalizations without requiring equivalently complex neural control mechanisms. We provide examples from the vocal repertoire of rhesus macaques, Macaca mulatta, and other species illustrating the different classes of nonlinear phenomena, and review the concepts from nonlinear dynamics that explicate these calls. Finally, we discuss the evolutionary significance of nonlinear vocal phenomena. We suggest that nonlinear phenomena may subserve individual recognition and the estimation of size or fluctuating asymmetry from vocalizations. Furthermore, neurally 'cheap' unpredictability may serve the valuable adaptive function of making chaotic calls difficult to predict and ignore. While noting that nonlinear phenomena are in some cases probably nonadaptive by-products of the physics of the sound-generating mechanism, we suggest that these functional hypotheses provide at least a partial explanation for the ubiquity of nonlinear calls in nonhuman vocal repertoires.
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B iological phenomena are noted for their complexity, and animal acoustic behaviour is no exception. Field biologists who have recorded large collections of animal vocalizations, faced with the task of cataloguing and categorizing thousands of exemplars from a species' vocal repertoire, often find themselves drowning in a sea of variability. With no clear dividing lines between call types or the contexts in which calls typically occur, simplifying assumptions must be made. A typical approach is to focus on 'normal' call exemplars that cluster together (subjectively or statistically), disregarding irregular variants that seem to combine elements of two different calls or contexts, or are otherwise difficult to quantify and analyse. The validity of this approach for a particular species depends on the proportion of calls thus excluded, and the degree to which such calls play a role in listener perception and hence in social communication. However, it is clear that such a strategy inevitably risks oversimplification.
An alternative approach to understanding complex vocal repertoires takes as its starting point the physics and physiology of the vocal production mechanism itself. From this perspective, the acoustic signal is the result of an interaction between nervous control signals and the mammalian vocal system (respiratory system, larynx and vocal tract), a system in which both physical and physiological constraints play important roles. Significant progress in understanding animal vocal production in the last decade now makes it possible to explore some of the phylogenetic and functional consequences of such constraints, and to develop explicit, testable hypotheses about the role of vocal production mechanisms in structuring animal vocal repertoires. In this paper we will Correspondence: W. T. Fitch, Department of Psychology, Harvard University, 33 Kirkland Street, Room 982, Cambridge, MA 02138, U.S.A. (email: tec@wjh.harvard.edu 
